The association between maternal rubella infection in the first trimester ofpregnancy and congenital malformations of the infant is well recognized. In the case of other virus infections of early pregnancy, the relation is less certain, and though suspicion has been attached to certain viruses, particularly mumps (Ylinen and Jarvinen, 1953) and influenza (Coffey and Jessop, 1959, 1963) , some series of influenza cases have shown no such relation (Walker and McKee, 1959; Wilson, Heins, Imagawa, and Adams, 1959) . Other infections of the foetus may also cause structural abnormalities of the foetus, e.g. toxoplasmosis infection may be associated with hydrocephalus and microphthalmia.
Maternal variola during pregnancy can cause abortion, stillbirth, or neonatal death (Plotz, 1965) , and even the infants of healthy immune mothers may be infected in utero and may die from congenital variola (Schick, 1949; Rao, Ratnakannan, Balasubramaniam, and Gopalan, 1954) . A similar situation exists with rubella (Schick, 1949) .
A high incidence of premature births has been recorded with maternal viral hepatitis (Zondek and Bromberg, 1947) , though only a small percentage of infants born of mothers with this infection show overt disease (Plotz, 1965) . In the case of Coxsackie virus, clinical manifestations in the mother may be slight, yet the infant may be fatally affected (Benirschke and Pendleton, 1958; Sussman, Strauss, and Hodes, 1959) .
These facts suggest that maternal and perhaps foetal infection may be an unrecognized cause of a number of congenital malformations, abortions, stillbirths, premature births, and neonatal deaths.
The foetus infected by syphilis or toxoplasmosis will produce antibodies in utero (Silverstein, 1962; Eichenwald and Shinefield, 1963) . Similarly, in cases of antenatal infection by rubella virus and cytomegalic inclusion virus, there is evidence that the foetus is producing antibodies, and raised Received July 20, 1966. concentrations of immunoglobulins Ig A and Ig M can be demonstrated in the umbilical cord blood in a number of such cases (Alford, 1965; Bellanti, Artenstein, Olson, Buescher, Luhrs, and Milstead, 1965; McCracken and Shinefield, 1965; Soothill, Hayes, and Dudgeon, 1966) . If other infections persist in the foetus as do rubella, toxoplasmosis, syphilis, and cytomegalic inclusion disease, it may be possible to recognize these infants on the basis of abnormal concentrations of immunoglobulins in their umbilical cord blood, and for this reason the results of estimations in a series of congenitally deformed and other abnormal infants are reported.
Material and Methods
Quantitation of proteins. The methods used for the quantitation of individual proteins have been described previously, and the results in the present series are compared with those found in previously healthy infants (Thom, McKay, and Gray, 1967) . The estimations were carried out using as standard a pool of mixed plasma from 12 healthy adults. Tested with Hyland immunoplates (Hyland Laboratories, Los Angeles, California), this plasma pool contained 1670 mg.
Ig G/100 ml., 204 mg. Ig A/100 ml., and 101 mg. Ig M/ 100 ml. The concentrations of the immunoglobulins in cord plasma specimens were calculated initially as percentages ofthe concentrations in the reference plasma. These values were then converted to absolute units on the basis of the Hyland immunoplate readings for the reference plasma.
Selection of Cases and Collection of Blood Specimens
A. Congenital malformations. A group of 37 infants was studied on the basis of congenital malformatons being recognized at or within a few hours of birth. Although it seemed likely that infants with the more gross lesions would be more likely to show abnormalities of their immunoglobulins, the series included both major and minor structural abnormalities as shown in Table I . For comparison with the previous study of immunoglobulins in the umbilical venous plasma of normal 264 infants, it was clearly desirable to have umbilical cord specimens from the infants with deformities, and, when possible, blood was collected during the third stage of labour via a wide-bore needle in the umbilical vein. It became evident early in the study that a number of interesting cases would be missed if the survey was restricted to those infants seen and diagnosed as abnormal at birth. Some infants with deformities were referred from peripheral hospitals and were not available for study until they were several hours or, occasionally, days old, while even with infants born in the central maternity hospital, certain abnormalities such as oesophageal atresia were not recognizable at birth. It was, therefore, decided to collect blood from a peripheral vein from those cases missed at birth. Table I records the age at which blood was collected, and in all figures the umbilical venous and later peripheral venous blood specimens are differentiated. The implications of the decision are discussed later.
All blood specimens were stored initially at 40 C. for up to 24 hours when the plasma was separated and then stored at approximately -20°C. B. Miscellaneous abnormalities. Fifteen infants were studied on the basis of abnormalities of the pregnancy or of the infant at birth, excluding congenital malformations. The cases studied are listed in brief in Table II , and for those showing abnormalities of the plasma proteins, a clinical history is given in greater detail below. Umbilical venous blood was obtained in 13 of the cases, while in the remaining 2, peripheral blood was taken at the age of 12 hours (Table II) .
C. Multiple pregnancies. Specimens of plasma from 8 pairs of twins, one single twin, and one set of triplets were studied. In all but one of the infants, blood was obtained from the umbilical vein. In this one case the first twin (Case D6a) was normal and the second (Case D6b) was stillborn, macerated, and hydrocephalic. From it blood was obtained by cardiac puncture immediately after birth. The remaining twins and triplets were apparently healthy apart from haemolytic disease of the newborn in Cases D8 (a and b) and D9 (a and b) and extreme prematurity with early neonatal death in Cases D1 (aandb). t Where no Ig A concentration is recorded, the result is less than 2-6 mg./100 ml.
Note: The estimations were carried out on umbilical venous plasma except in cases C14 and C15 when venous plasma collected approximately 12 hours after birth was used. 
Results

A. Congenital Deformities
Ig A. In all but one of the infants in this group, the concentration of Ig A in umbilical cord serum fell below the critical testing level of 2 6 mg./100 ml. The one exception was infant B2 with congenital hydrocephalus whose cord plasma concentration was 131 mg./100 ml. results from cord blood and postnatal specimens, and since haemoconcentration most commonly occurs in the first few hours after birth (Gairdner, Marks, Roscoe, and Brettell, 1958) , it is likely that inclusion of these specimens in the series would have raised rather than lowered the protein concentration in plasma. The one high result was from an infant whose plasma albumin and Ig M concentrations were at the upper limit of normal, and it was thought that the specimen might have been haemoconcentrated. The close correlation between birthweight and Ig G found in healthy infants (Thom et al., 1967) was not evident (r = 0 *217; p > 0 1); again this did not appear to be due to use of postnatal blood specimens, since the correlation for the 23 umbilical cord specimens remained below the level of statistical significance (r = 0 178; p > 0 1).
Ig M. The Ig M concentrations in all but one of the congenital deformity infants fell within the 95 % confidence limits for healthy infants (Fig. 2) . The mean concentration in all 37 plasma specimens was 9 9 mg./100 ml. and in the 23 umbilical cord specimens it was 9 * 6 mg./100 ml. There was no statistically significant difference between the concentrations in umbilical cord and postnatal plasma specimens (t = 0 * 606; 0 6 > p > 0 * 5), and no significant difference between these results and the mean concentration of 9-8 mg./100 ml. found in healthy infants.
Albumin. Although most of the concentrations of albumin found in the deformed infants fell within the 9500 confidence limits for healthy infants, only 7 of the 37 were above the normal mean, and especially in the heavier infants the values were low In addition to Cases Cl and C3, one other pregnancy in the group was characterized by threatened abortion, Case No. C2 (birthweight 1441 g.), where slight bleeding occurred at the 6th and 10th weeks. The absolute concentration of Ig M was raised in this infant also, and it was disproportionately high in relation to albumin and probably to Ig G (Fig. 9 and 10) , and it is possible that haemodilution was masking to some extent the raised Ig M level. This infant showed no abnormalities at birth.
Clearly, a large series of pregnancies characterized by threatened abortion should be studied by this method.
C. Multiple pregnancies. Interpretation of the results in this group of infants has not taken into account differences between the mean weights of twins and singletons for a given period of gestation. It was felt that no valid allowance could be made for this factor, and its omission does not materially affect the conclusions. Ig A and Ig M. Ig A was present in detectable amount in three infants-twin Dia (5 9 mg./100 ml.), twin Dlb (4 3 mg./100 ml.), and twin D5a (64-5 mg./100 ml.). The former twins were 25-week abortions who died a few hours after birth and whose Ig M concentrations of 11 * 9 mg. and 8 * 0 mg./ 100 ml. may also be high for that period of gestation but no normal values are available for comparison. Twin D5a, from whose sib blood was not obtained, had a clearly raised Ig M concentration of 28 * 6 mg./ 100 ml. These twins were healthy at birth but the mother had repeated small vaginal haemorrhages during the 3rd and 4th months of pregnancy.
A further pair of twins (Cases D8a and b) had high concentrations of Ig M. They were healthy infants born after an uneventful pregnancy except that the mother had rhesus antibodies. Both infants had strongly positive Coombs tests at birth but umbilical cord haemoglobin concentrations of approximately 15 g./100 ml., and replacement transfusion was not required. In a series of cases of haemolytic disease of the newborn studied in this laboratory, abnormalities of immunoglobulin concentration in the umbilical cord blood were rarely encountered (to be published), and no explanation has been found for the high Ig M value in the twins. Fig. 11 shows the close similarity which exists between Ig M concentrations of individual members of a set of twins or triplets. Fig. 11 for key.
Ig G and albumin. Comparison of the Ig G birthweight graph (Fig. 12 ) and the albumin birthweight graph (Fig. 13) sib) were presumably due to dilution. The Ig M concentration in this twin, however, was 917 mg./ 100 ml. which is relatively much closer to the value of 13-9 mg./100 ml. found in the healthy twin, and it is likely that in the hydrocephalic infant marked dilution of the plasma had lowered a high Ig M level to lie within the normal range.
In the case of twin D5a, who also had low Ig G and albumin concentrations (Fig. 12 and 13) , a similar mechanism may have operated, and the high concentrations of Ig A and Ig M already noted in this infant are even more striking when this is taken into account. Discussion Congenital malformations. The newborn infant responds to antigenic stimulation by the production initially of 19S y-globulin (Ig M) (Smith, 1960; Uhr, Dancis, Franklin, Finkelstein, and Lewis, 1962; Smith and Eitzman, 1964) , and the presence of Ig M antibodies to toxoplasmosis in the umbilical cord serum of infants affected by toxoplasmosis has been demonstrated by Eichenwald and Shinefield (1963) who pointed out that these antibodies were produced by the foetus, as indicated by the higher titre in the foetus than the mother, and the fact that Ig M does not normally cross the placental barrier. The existence of Ig M antibodies in the umbilical cord serum of infants with the congenital rubella syndrome has similarly been interpreted as indicating antibody production by the foetus, though the possibility of passage of maternal Ig M through a damaged placenta cannot entirely be excluded (Alford, 1965) . In early pregnancy, Alford (1965) found that the predominating antibody to rubella virus in the foetus was an Ig G and it seemed likely that this had originated in the maternal plasma. The continuing presence of Ig M antibodies throughout the remainder of pregnancy may be occasioned by the persistence of active infection which in turn may be due to failure of Ig M antibodies to clear the virus from infected tissues. Ig G concentration in the serum of small foetuses is very low, and sufficient maternal antibody may not be transferred to ensure eradication of the infection. In 3 of these infants, including one with congenital cataracts, and also in one twin of the group of twins studied, raised Ig M concentrations followed threatened abortion in the early months of pregnan-cy, and it is clearly necessary to study a large series of such cases. It is possible that a proportion of such cases are due to an unidentified infection of mother and foetus, or, alternatively, that there is a breakdown of the normal state of tolerance between mother and foetus at this time. On these and other infants with raised umbilical cord immunoglobulins, an attempt must be made to identify the antigen to which antibodies have been formed, and virological studies are in progress on the sera in the present series giving positive results.
Multiple pregnancy. A striking finding in this group of infants is the close correspondence between immunoglobulin and albumin concentrations in infants from the same pregnancy. This is evident both for the proteins of foetal origin and for Ig G transferred from the mother. The only discrepancy occurred in the presence of congenital malformation of one twin, and the results in this infant illustrate the necessity to estimate several plasma proteins and examine their interrelationships, since reliance on Ig M and Ig A estimations alone suggested that this infant had normal immunoglobulins, whereas, as explained above, it is possible that dilution of the plasma was responsible for lowering high Ig M levels. High Ig A concentrations found in 25-week twin abortions who died very shortly after birth were associated with Ig M levels which could be high for this period of gestation, and further studies are being made on unexplained abortions, very early premature births, and unexplained neonatal deaths. Summary Ig G, Ig A, Ig M, and albumin were estimated in umbilical venous plasma from 37 infants with congenital malformations, 15 infants with miscellaneous abnormalities of the perinatal period or of the associated pregnancy, and 20 infants from multiple pregnancies.
Apart from a high level of Ig A in an infant with congenital hydrocephalus, no abnormalities of the immunoglobulins, Ig A and Ig M, were found in the group of congenital malformations. The albumin and Ig G concentrations were moderately low in the larger infants in the group.
In the other two groups of infants, abnormal concentrations of immunoglobulins were found in four infants born of mothers who had earlier threatened abortions, though only one of these infants had an obvious abnormality at birth in the form of congenital cataracts. Abnormal concentrations of immunoglobulins were found also in an infant with meconium peritonitis, an infant with intrauterine growth retardation, neonatal purpura, and hepatosplenomegaly, an infant stillborn following intrauterine sepsis, twin abortions who died soon after birth, twins suffering from mild haemolytic disease of the newborn, and a stillborn hydrocephalic twin. The causes of the immunoglobulin abnormalities are discussed, and the need for further studies on such infants is stressed.
